Two petrochemical types of doleritic dykes have been distinguished in Bafoussam area: 1) the olivine-bearing dolerites which are the most representative are dark green, showing characteristics of alkaline basalts and, 2) the calcite-bearing dolerites are grayish green, showing characteristics of tholeiitic basalts. The studied dolerites are less differentiated (1 < FeO t /MgO < 2); they present the evolution of a subalkaline magma following a calc-alkaline series (alkaline dolerites) and the tholeiitic series (tholeitiic dolerite). The chondrite normalized multielement spider diagrams of all the dolerites show a pronounced depletion in Ba, Th, and enrichment in Rb. Their geotectonic context is inferred to be intraplate and the contrast between the two types is probably due to a diverse source: crustal source for calcite-bearing dolerites and mantle source for olivine-bearing dolerites.
Introduction
The West Cameroon region constitutes an integral part of two major structures that make up the geology of Cameroon: the Cameroon Volcanic Line (CVL) and the Central Cameroon Shear Zone (CCSZ). The relations between these two structures have already been the subject of many scientific works [1] [2] [3] [4] . The CCSZ, which is an assemblage of branching and coalescing faults, controls the emplacement of granitoid massifs during the Panafrican orogeny [5] [6] [7] .
The Banefo-Mvoutsaha area comprises two lithological sets: 1) tertiary volcanic formations and 2) graniticgneissic Precambrian units. The latter are overlain by the volcanics, in this case dolerite. In Cameroon, doleritic magmatism is poorly reported. The few data available are those on dolerite dykes observed in cratonic formations of southern Cameroon [8] and in Adamawa region, North Cameroon [9] , and the recent work on basaltic dyke swarms from southern part of Cameroon Volcanic Line [10] . No scientific works have been carried out on the dolerite dykes intruded into Panafrican rocks in western Cameroon. In this paper, we present the first data of the Banefo-Mvoutsaha dolerites including detailed petrographic and geochemical studies with the aim of characterizing the source of magma, their evolution and geotectonic context. Aspects of metallogeny are also presented considering that the study area forms part of a major shear zone; a potential zone for hydrothermal mineralization.
Geological Setting and Previous Work
The Banefo-Mvoutsaha area is located along the Cameroon Volcanic Line CVL (Figure 1 ) which is a megastructure in central Africa oriented N30˚E and extending ~2000 km in a length and ~100 km in width. The CVL extends from the island of Pagalu in the Gulf of Guinea to Lake Chad [11] [12] [13] [14] . Magmatism commenced here towards the end of Cretaceous and few volcanic centres are still active [15] . The study area is also located in the central domain of the Panafrican North Equatorial Belt (PNEB) in Cameroon (Figure 1) . The PNEB or Central African Orogen is a major Neoproterozoic Orogen linked to the Trans-Saharan Belt of western Africa and to the [8] ; filled hexagon: dolerite studied by [9] ; filled losange: dolerite studied in this work).
Brasiliano Orogen of NE Brazil. The principal characteristics of the PNEB in Cameroon have been presented in earlier works, e.g. [16] [17] [18] [19] [20] [21] [22] [23] . The PNEB, which is partly covered by basalts and trachytes of Tertiary to Recent age, is constituted by metamorphic and magmatic assemblages related to tectono-metamorphic events of the Panafrican orogeny. In this belt, three geodynamic domains have been distinguished: 1) a North Cameroon domain; 2) a Central Cameroon domain; 3) a South Cameroon domain (Figure 1) .
The central Cameroon domain, to which this study area belongs, constitutes a link between the northern part and the southern part of the belt. It is marked by multiple intrusions of Panafrican granitoids in which their emplacement is controlled by major strike-slip faults, notably the Central Cameroon Shear Zone (CCSZ) that has an N70˚E trend.
In the Ntem group (South Cameroon), Vicat et al. [8] described two distinct episodes (D 1 and D 2 ) of dolerite dykes intruding the Paleoproterozoic formations of the Congo Craton. The first generation of dolerite dykes intrusion predated the Eburnean orogeny and their composition is similar to that of tholeiites from back arc settings, while the second event succeeded the Panafrican orogeny with the composition of continental tholeiite.
In the Adamawa plateau (North Cameroon), Vicat et al. [9] identified previous alkaline volcanism of dolerites of Cenozoic era along the CVL. The dolerite dykes of the Adamawa plateau have chemical composition of continental tholeiites. According to these authors, these dykes belong to an early phase of continental rifting and the source of the magma is from the contaminated continental lithosphere.
The geology of Bafoussam area (Banefo-Mvoutsaha sector; Figure 2 ) is made up of three main lithological units [24] : 1) a metamorphic unit made up of garnetbearing gneiss, migmatites and amphibolites; 2) a plutonic rocks unit made up of deformed granitoods with gneissic texture, and 3) a volcanic rocks unit made up of basaltic lavas and dolerite dykes.
Analytical Methods
Nine representative and fresh samples at the BanefoMvoutsaha (NE Bafoussam), in the Central domain of the Panafrican Belt of Cameroon were investigated in terms of their petrography and whole rock geochemistry. Every effort was made to minimize the potential of crosscontamination of samples and introduction of external contaminants during sample transportation and preparation. These samples were thin sectioned at Geotech Lab (Canada) using conventional techniques. For whole rock geochemical analysis, all the samples required pulverizing to obtain homogeneous samples. After crushing and milling, samples were split and 50 -60 g of samples was obtained for the analyses. Chemical analysis was done using the pulp at ACME Analytical Laboratories Ltd., Vancouver (Canada) (www.acmelab.com). Whole rock analyses for major and trace elements were carried out by Inductively-oupled Plasma Mass Spectrometry (ICP-MS) from pulps. 0.2 g of rock powder was fused with 1.5 g LiBO 2 and then dissolved in 100 mm 3 5% HNO 3 . The REE contents were determined by ICP-MS from pulps after 0.25 g rock-powder was dissolved with 4 acid digestions. Analytical uncertainties vary from 0.1% to 0.04% for major elements; from 0.1% to 0.5% for trace elements; and from 0.01 to 0.5 ppm for rare earth elements. The remaining trace elements were analysed by ICP-MS after 0.5 g split of sample pulp is digested in aqua regia. Loss on ignition (LOI) was determined by weight difference after ignition at 1000˚C. Various standards were used and data quality assurance was by running these standards between samples as unknowns. Representative geochemical data for the dolerite samples of the Banefo-Mvoutsaha area are listed in Table 1 .
Results

Petrography
The dolerite outcrops as dismantled dykes are in the form of blocks that are centrimentric in size (Figures 3(a) and (e)). They have an average trend of N115˚E, and their hosts are migmatitic gneiss and S-C mylonite. The petrographic study reveals two main types: 1) olivine-bearing dolerite and 2) calcite-bearing dolerite.
Olivine-Bearing Dolerite
The olivine-bearing dolerites are massive, compact and present a distinct doleritic texture. Under the microscope, the rock is composed of plagioclase, olivine, pyroxene and opaque minerals (Figures 3(c) and (d) ). Crystals of plagioclase show varied sizes (1 -5 mm × 0.5 -1 mm) embedded in a dark glassy matrix. Plagioclase microliths are common in the matrix. Olivine crystals are irregular in shape, ~0.24 mm in size and have matrix glass extending into the numerous fractures on these crystals. The relative abundance of pyroxene is inferior to that of olivine. Their dimensions vary from 1 to 2 mm and some crystals present a reaction rim. Opaque minerals (0.1 -0.2 mm) are subhedral and xenomorphic. The matrix constitutes more than 40% of the rock. The order of crystallization of phenocrysts is as follows: olivine and pyroxene-plagioclase-amphibole-opaque.
Calcite-Bearing Dolerite
The calcite-bearing dolerites are massive and appear greenish. The plagioclase grains have varied sizes from 2 to 7 mm in length × 2 mm in width. The calcite-bearing dolerite presents a typical doleritic texture. The rock is composed of plagioclase, calcite, amphibole and opaques (Figures 3(g ) and (h)). The plagioclase phenocrysts are 0.1 to 4 mm in size. The phenocrysts are less numerous, subhedral and are generally fractured. Some of the crystals are at the earliest stage of weathering. Calcite is the most abundant mineral after the plagioclase. The calcite crystals (0.5 to 2 mm in size) are sub-rounded and are associated with plagioclase and amphiboles. Amphiboles are very rare in the rock and are observed mainly in the rim of calcite. Their crystals are fine in size; most of them constitute the matrix elements. Opaque minerals are rare.
Whole Rock Geochemistry
Geochemical data for the whole rock analysis of selected dolerite samples are presented in Table 1 . Using the TAS classification diagram of Le Bas et al. [25] , the dolerites plot in the field of subalkaline to tholeiitic basalt ( Figure  4 ). In the Nb/Y versus Zr/Ti diagram of Pearce [26] , the studied dolerites are distributed into two groups. The first group is represented by the basalts and corresponds to the olivine-bearing dolerites, while the second group is represents by the alkaline basalts and corresponds to calcite-bearing dolerites ( Figure 5 ).
• Major elements
The dolerites have a SiO 2 content varying from 46.70 to 49.23 wt%. The olivine-bearing dolerites are more silica-rich (SiO 2 ≥ 48 wt%). The Harker diagrams showing the variation of major elements versus MgO ( Figure  6 ) reveals that the two Banefo-Mvoutsaha types of dolerite are well distinguished by their MgO content. The calcite-bearing dolerites are richer in MgO with concentrations higher than 7 wt%, while the olivine-bearing dolerite has concentrations lower than 7 wt%. These diagrams show positive correlations with SiO 2 , Fe 2 O 3 , MnO, and P 2 O 5 , no correlations with TiO 2 and Cr 2 O 3 , negative correlation with Na 2 O and double correlations with Al 2 O 3 and CaO ( Figure 6 ).
The Na 2 O + K 2 O contents of the olivine-bearing dolerites are higher (4.10% -4.23%) than that of calcite-bearing dolerite (3.59% -3.78%) and the K 2 O/Na 2 O ratios range from 0.29 to 0.60 ( Table 2 ). In the AFM diagram of Ivrine and Baragar [27] , the Banefo-Mvoutsaha dolerites plot into two distinct areas on both sides of the limit between alkaline and tholeiitic fields (Figure 7) . The olivine-bearing dolerites belong to the tholeiitic series field and the calcite-bearing dolerites belong to the calc-alkaline series field. This confirms the existence of two distinct types (tholeiitic and calco-alkaline affinities) of dolerite in the study region.
• Trace elements
The Harker diagrams (Figure 8 ) of some trace ele- Table 2 ) also underline the existence of two distinct groups of dolerites. The Ba/Rb, Ce/Yb and Sm/Yb ratios are more important in the olivine-bearing dolerites than in calcite-bearing dolerites. On the other hand, the Ba/Sr and Y/Nb ratios are instead higher in the calcite-bearing dolerite and lower in the olivine-bearing dolerites.
The chondrite-normalized [28] spider diagram of REE (Figure 9) is not very different for the two groups of rocks and show enrichment in LREE. The patterns define two distinct groups representative of alkaline dolerites (G14S1, G14S10, G14S20) and tholeiitic dolerites (G14V1, G14V2, G14V3, G14V4, G14V5, G14V6). Olivinebearing dolerites have a positive Nd anomaly and the calcite-bearing dolerites have a negative Nd anomaly. In the olivine-bearing dolerites group, Eu/Eu * ratios range from 1.01 to 1.03. In the calcite-bearing dolerite group, Eu/Eu * ratios fall between 0.89 and 1.00. The chondrite normalized multielement spider diagrams (Figure 10 ) of all the dolerites show a pronounced depletion in Ba, Th, and enrichment in Rb. The olivinebearing dolerite is richer in Nb, Ta with a positive anomaly in Sr, Nb, Ti and a relative lower depletion in other elements. The calcite-bearing dolerites present negative more or less pronounced anomalies with Sr, Ti, Ba and Th.
• Transition and base metals
The intrusion of a late magmatic vein (body) in the metamorphic or magmatic crust is always accompanied by fluid circulations capable of precipitating metals and forming metalliferous deposits [29] . Analyses of heavy metals in the dolerites of Banefo-Mvoutsaha are reported in Table 1 . In the studied dolerites, the Cu content varies from 42 ppm to 69 ppm; its average is close to Cu contents of the crust (50 ppm). The content of Ni is less than that of the crust (70 ppm) except that of sample G14S1 which is 76.7 ppm. In the calcite-bearing dolerite (except G14V6) Au is completely absent. Zn has content largely lower than that of the crust (70 ppm). Concentrations of As, Cd, Sb, Bi, Ag, Hg and Se are also extremely low. The spider diagram of primitive ultramafic nodules normalized transition metals [30] of studied dolerites (Figure 11 ) defines one pattern assemblage well constituted, parallel between them and largely fractioned. The transition metal diagram does not put in evidence the two groups of dolerites previously mentioned. The patterns show a negative anomalies in Sc, CrO 3 and Ni; a positive anomalies in TiO 2 , Fe 2 O 3 and Cu.
The metals contents integrated in the correlation matrix ( Table 3) 
Interpretation and Discussion
The dolerites of Banefo-Mvoutsaha appear in a major shear zone in Cameroon and are lacking in all deformation features. Field observations make the dolerite dykes to be late to post tectonic formations. Contrasting features observe between the two types of dolerites on the basis of petrographic character namely, relative % of the matrix, size of minerals, secondary transformation of minerals, characteristic mineral (olivine/calcite) giving evidence of their crystallization duration and depth. The olivine-bearing dolerites have crystallized at a very important depth and at a time relatively longer than the time taken for calcite-bearing dolerite which crystallized at relatively shadow depth.
Characterization and Source of Magma
The high contents of LREE are characteristic of alkaline magmas while the low proportions are evidence of tholeiitic magmas. We can deduce that the alkaline basalts are originated from a magma coming from partial melting, contrary to tholeiitic basalts. The REE values (Tables 1 and 2) , and the different REE ratios confirm the contrast of the two types of studied dolerites. The olivine-bearing dolerites have their values always more important than the calcite-bearing dolerite; this is a confirmation of their tholeiitic and alkaline characteristics [30] . The content of REE and the normalized ratios of REE increase with the degree of alkalinity. The comparisons of the ratios of incompatible elements of dolerites with reference values in the crust [31] , and of certain reservoirs of the mantle are presented in Table 3 . These comparisons have permitted to put in evidence two distinct sources for the two types of the dolerites. [32] . Thus the Banefo-Mvoutsaha dolerites are the result of two distinct sources which are crustal source for the calcite-bearing dolerites and mantellic source for the olivine bearing dolerite.
Geotectonic Context
The triangular diagram Zr/4-2Nb-Y of Meschede [33] which proposed the geotectonic context of basalts (Figure 12) defines the dolerites of Banefo-Mvoutsaha as intraplates basalts (AII-C Within-Plate Tholeiites) with calcite-bearing dolerites points belonging to field AII (Intraplate alkalin basalts) while the olivine-bearing dolerite points fall in the C field (Intraplate tholeiitic basalts). This geotectonic context is confirmed by a binary diagram Zr/y-Zr of geotectonic discrimination [34] of basaltic rocks of a distinct geotectonic position; the studied dolerites are intraplate basalts (Figure 13 ).
Metallogeny
The metals contents of studied dolerites have values lower than the detection limits for some, another have values higher than the average concentration of the said elements in the crust. Unfortunately, all the metal contents are largely lower to the typical metalliferous deposit. However, for metal elements research, analysis is recommended in the lithological contacts and in the syntectonic granitoids of the study region which belongs to CCC, an economic shear zone in its northern part.
Comparison with the Dolerites of South Cameroon
The D 1 dolerites [8] , presents a pattern (Figure 14) that differs from those of the studied dolerite by the negative anomaly more pronounced in Nd and an enrichment in HREE in relation to the olivine-bearing dolerites. The ffers from the pattern of the studied dolerites by a positive anomaly in P 2 O 5 and a higher concentration in Y, Tm and Yb in olivine-bearing dolerites, but these concentrations remain lower than those of calcite-bearing dolerites. The multi-element pattern of the D 2 dolerites has low Rb content and shows a negative anomaly more pronounced in Sr than the dolerites of Banefo-Mvoutsaha.
Conclusion
The Banefo-Mvoutsaha dolerites are late to post tectonic basic dykes showing doleritic texture. Based on the mineralogical composition, two distinct petrographic types are identified: the olivine-bearing dolerites which are dark green, with less amount of matrix (40%) and the calcite-bearing dolerites which have grayish green color, rich in ground mass (60%). Geochemical analysis confirms the two types of dolerites. The calcite-bearing dolerites present the characteristic of alkaline basalts while the olivine-bearing dolerites present the characteristics of tholeiitic basalts; their geotectonic context inferred to be intraplate. The studied dolerites are less differentiated (1 < FeO t /MgO < 2); and the contrast between the two types is probably due to a diverse source: crustal source for calcite-bearing dolerites and mantle source for olivine-bearing dolerites. The two types of dolerites of the Banef subalkaline magma following a calco-alkaline series (alkaline dolerites) and the tholeiitic series (tholeitiic dolerite). The magmas from which the dolerite originated were accompanied during its emplacements by the hydrothermal fluids circulation which drained few metals. 
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